introduction
The views of academics and decision-makers as well as the broad public opinion, are highly convergent as regards the impact of increased greenhouse gas emissions 1 on climate change manifesting itself in climate warming and the aggravation of adverse phenomena, such as periodic droughts, violent storms and hurricanes. The main source of greenhouse gas emissions is the combustion of fossil energy carriers: hard coal and lignite, crude oil and diesel oils and gasoline made of it. The rapid development of the industry initiated in the mid-nineteenth century, the development of motorisation, as well as of cities (heating of flats, air conditioning, etc.) resulted in the increased demand for and consumption of energy. At the same time, awareness of the scarcity of fossil energy sources is growing. The development of nuclear energy due because of disasters, causes social resistance and renders this source of energy less attractive.
This resulted in starting a search for alternative and environmentally friendly sources of energy such as wind, hydro, solar, geothermal energy, ethanol and vegetable oils, biogas and biomass 2 combustion. One of the components of biomass is straw from cereals, maize, rapeseed and legumes. It can be a source of thermal energy (combustion in special furnaces) or electric energy (combustion in power plants). In the opinion of many authors, straw can be treated as a source of energy, which during the combustion process does not increase greenhouse gas emissions (carbon dioxide 3 ). In this situation, it is essential to ask about the use of straw for energy purposes where, according to the widely used European classification, about 90% of Polish soils are characterised by a very low (<1%) and low (1-2%) share of organic matter (Kuś and Kopiński, 2012) . In addition, the currently widespread trends in Polish agriculture, i.e. simplification of production, high share of cereals in the sowing area, low share of legumes and grasses in field crops, declining stocking density and popularisation of litter-free forms of animal rearing contribute to a fall in organic fertilising and thus to a reduction in the share of organic matter in the soil. Importantly, according to Kuś and Kopiński, the average balance of organic matter in Polish agricultural soils (without ploughing in of straw) in 2000 and 2009 was negative and amounted, respectively, to: -0.16 and -0.14 t/ha (Kuś and Kopiński, 2012) .
objective, material and method of studies
The primary objective of the study is an attempt at assessment of the effects of allocating the surplus of straw in Polish agriculture for energy purposes or as a source of additional soil organic matter, and assessment of its role in improving the production potential of soils and in CO 2 sequestration. In addition, the objective 1 Greenhouse gases -gaseous components of the Earth's atmosphere causing the greenhouse effect, i.e. increased temperature of the Earth's surface. They include: steam (H2O), carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulphur dioxide (SO2), ozone (O3), hydrofluorocarbons (HFC), perfluorocarbon (PFC) and sulphur hexafluoride (SF6). 2 Biomass -solid or liquid substances of plant or animal origin, which are biodegradable. 3 The burning of straw results in the zero balance of CO2 emissions. When straw is being burnt, CO2 emissions are equal to CO2 accumulation in the plant vegetation period (Jarosz, 2016) . of the paper is to assess the economic situation and development opportunities of farms with the non-negative CO 2 sequestration balance.
The literature data was used to achieve the basic objective of the studies. On the other hand, to assess the economic situation and development opportunities of farms with the non-negative CO 2 sequestration balance, the data has been used from 2069 farms specialising in the cultivation of cereals, oilseeds and protein crops and keeping accounting for the Polish FADN in 2015. To provide the necessary figures for this analysis, at the first stage the farms were divided into two groups. The first group included 1702 farms with the non-negative CO 2 sequestration balance. The other group contained 367 remaining farms. Then, at the second stage the group of the farms with the non-negative CO 2 sequestration balance was divided into two subgroups. The first subgroup included 851 farms with sequestration balance above the median of the non-negative CO 2 sequestration balance, hereinafter referred to as the farms with the non-negative balance I, while the other included the remaining 851 farms with sequestration balance equal or lower than the median of the non-negative CO 2 sequestration balance (farms with the non-negative balance II). Finally, comparative analysis covered the farms with the non-negative CO 2 sequestration balance I and II and the remaining farms. The CO 2 sequestration balance was calculated using the coefficients of reproduction and degradation of organic matter as a result of plant cultivation. In addition, those coefficients took into account the weight of animal manure produced or purchased 4 , as well as the weight of ploughed in straw, other post-harvest residues and green fertilisers 5 (Fotyma and Mercik, 1995; Harasim, 2006) . Analysis also included the weight of straw sold from the farm. Then, knowing that 1 tonne of organic matter contains, on average, 580 kg of organic carbon, its amount was converted into the amount of CO 2 , by multiplying each time the amount of organic carbon by 3.67. This coefficient is due to the fact that the molecular weight of CO 2 is 44 units6, and the weight of organic carbon is 12 units (Harasim, 2006) .
Straw as an alternative source of energy
The estimates carried out indicate that in Poland the annual production of straw in 2010-2014 ranged from 28.9 million tonnes in 2011 to 35.6 million tonnes in 2014. According to the forecast, in 2020 and 2030, the production of straw should be about 30.5 million tonnes (Madej, 2016; Jarosz, 2016) . The surplus of straw after satisfying the needs of agriculture (feed, litter, substrate for mycelium and for ploughing in to ensure a simple reproduction of organic matter in the soil) is estimated at about 4 The Polish FADN data made it possible to determine the consumption of purchased animal manure only in value terms (PLN/farm). In order to estimate the amount of consumed purchased animal manure, the findings of the Zachodniopomorski Agricultural Advisory Centre in Barzkowice on the price of 1 tonne of manure in 2015 were used (www.zodr.pl). 5 The permanent coefficient applied at the Institute of Soil Science and Plant Cultivation National Research Institute and amounting to 0.7 tonne/ha was used to convert the area of green manure on the farm into the weight of organic matter introduced into soil. 6 Molecular mass is commonly expressed in atomic mass units where 1 unit = 1.66*10-24g.
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13.5 million tonnes (Madej, 2016) . This surplus may be allocated for energy needs. In order to determine the energy value of the surplus of straw, Table 1 provides its calorific value and other characteristics compared to wood and hard coal. The calorific value of straw amounting, on average, to 14.6 MJ/kg, is by about 53% higher than the calorific value of wood, but by 32% lower than the calorific value of hard coal, which is, on average, 21.6 MJ/kg. This means that one tonne of hard coal in terms of its calorific value can be replaced by 1.48 tonnes of straw. The allocation of 13.5 million tonnes of straw for energy purposes can replace 9.1 million tonnes of hard coal, which accounts for 12.6% of the total consumption of hard coal for energy purposes in 2015 (GUS, 2016a) . At the same time, the combustion of straw emits the double amount of volatile substances to the atmosphere than the combustion of hard coal, which adversely affects human health. Straw has also higher content of chlorine which during the combustion process causes corrosion of boilers (Janka, 2012) .
Straw contains macronutrients and trace elements, and Table 2 provides the contents of basic macronutrients in various types of straw. By assuming the average dry matter content in straw at the level of 85%, the content of macronutrients in one tone of burnt straw was calculated based on the data from Table 2 , and these values are, respectively: nitrogen (N) -5.88 kg, phosphorus (P 2 O 5 ) -2.36 kg; potassium (K 2 O) -11.65 kg; calcium (CaO) -4.83 kg, and magnesium (MgO) -0.56 kg. With the average yield of straw amounting to 4 tonnes per ha, when we burn it for energy purposes, we lose irretrievably from 1 ha of cereals and rapeseed: 23.52 kg of N, 9.44 kg of P 2 O 5 , 46.4 kg of K 2 O, 19.32 kg of CaO and 2.24 kg of MgO. On a national scale, assuming that the surplus of straw amounting to 13.5 million tonnes is fully used for energy purposes (combustion), losses will be: 79 380 7 tonnes of N, 31 860 tonnes of P 2 O 5 , 157 275 tonnes of K 2 O. The total NPK losses (in pure component) will be 268 515 tonnes, which accounts for 15% of the total NPK consump-tion in 2014/2015, which was 1 729 300 tonnes (GUS, 2016a) . In addition to NPK, straw used for energy purposes contains 65 205 tonnes of CaO, which accounts for 11.5% of used agricultural lime in 2014/2015 and 7560 tonnes of MgO. Regardless of the above-mentioned macronutrients, straw also contains trace elements such as boron, copper, manganese, molybdenum and zinc, which play an important role in the growth and development of plants. The soil fertility, which is understood as the capacity to "yield", is determined by the group of its physical, chemical and biological properties. These properties depend on the content of humus which is the main component (70-80%) of soil organic matter (Kuś and Kopiński, 2012) it determines:
• soil ability to retain and release minerals into the soil water (soil absorption capacity); the colloidal structure of this matter enables the absorption of nutrients of plants 4-12 times more than mineral fractions of soil, in addition they are readily available to plants;
• soil ability to retain and collect water, as humus retains 3-5 times more water available to plants in relation to its weight; • lumpy structure of soil facilitating mechanical tillage and decreasing its susceptibility to erosion, as it provides a binder for the solid phase of soil; • dark colour and thermal properties of soil (heating rate in spring); • ability to absorb, on its surface, heavy metals and toxic substances (e.g. pesticides) up to the moment of their decomposition by soil microorganisms; • soil biological activity, as organic matter is a source of carbon and other nutrients, particularly, nitrogen, phosphorus and trace elements; • buffer capacity of soil.
As already mentioned, the share of soils with the low organic matter content (less than 2%) in Poland is very high and is about 90%. However, when farming in accordance with the principles of good agricultural practice, we can increase, to some extent, the organic matter content in soil, thereby improving not only its yielding capacity, but also contributing to sequestration of additional CO 2 from the atmosphere in it. It should be stressed that on the farm an important way to increase the organic matter content in soil is ploughing in of straw 9 .
Ploughing in of straw as a practice to sequestrate co 2 in the lulucF area 10 According to the draft Regulation of the European Parliament and of the Council of 16 October 2017, by 2030 Poland should reduce greenhouse gas emissions within the Effort Sharing Regulation (ESR) 11 area by 7% when compared to the level of 2005 (Council of the European Union, 2017). Bearing in mind that in the Member States reductions of greenhouse gas emissions within the ESR area should apply to all sectors, Poland will have to make an effort to reduce greenhouse gas emissions also in the agricultural sector, whose annual greenhouse gas emissions are approximately 17% (in 2015 -16.8%) of the total emissions of these gases in the ESR area 12 (Ministerstwo Środowiska, 2016) (Fig. 1 ).
9 It is worth remembering that the reduction in the organic matter content as a result of the pursued agricultural activity, particularly on light soils, quickly results in a noticeable reduction in yields. In Poland, this reduction may amount up to 20% (Faber and Jarosz, 2016) . This situation is all the more alarming, as, according to the findings of the Economics of Farm Holdings Department at the Institute of Agricultural and Food Economics -National Research Institute, farming opportunities on these soils without losses in organic matter resources are limited (Balance of substances…, 2018). 10 The Land Use, land Use change and Forestry area (LULUCF) -according to the methodology of the Intergovernmental Panel on Climate Change (IPCC), in the LULUCF area the balance of CO2 sequestration from the atmosphere is estimated in total from the sectors of forestry land, afforested and deforested land, permanent grassland as well as arable land, wetland and inhabited areas. 11 The ESR area includes greenhouse gas emissions from the following sectors: transport, waste, construction (municipal and services), extraction, processing and transport of fuels, from industrial processes not included in the ETS area and from agriculture (Ministerstwo Środowiska, 2016) . 12 The need for a more ambitious involvement of the agricultural sector in reducing greenhouse gas emissions has also been included in the Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions: the Future of Food and Farming.
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Fig. 1. Structure of greenhouse gas emissions in the ESR area in Poland in 2015.
Source: own study based on KOBiZE (2017).
It should be noted that in the agriculture sector many currently applicable practices to reduce greenhouse gas emissions can increase the production costs while having no positive impact on its value (IZ-PIB, 2015). Given the above, we should therefore recognise the correctness of the findings by the European Parliament and of the Council of 2016 and 2017 concerning the possibility for the Member States to include a certain contribution of the LULUCF area in reducing greenhouse gas emissions from the ESR area. by 2030 (European Parliament, 2016; Council of the European Union, 2017). According to these findings, the opportunities for CO 2 sequestration from the atmosphere in the LULUCF area which can be used, to a certain extent, to decrease the effort to reduce greenhouse gas emissions from the ESR area by 2030 should be sought both in the forest and permanent grassland sectors and in the arable land sector. This is an advantage to this approach, as there are also the opportunities for CO 2 sequestration in the arable land sector. In this context, the positive role of ploughing in of straw in soil should be emphasised first of all.
As stated in the previous subchapter, the surplus of straw in Polish agriculture, according to the available estimates, is about 13.5 million tonnes per year. Assuming that 1 tonne of straw with dry matter content of 85% produces 180 kg of organic matter in which the organic carbon content is 58%, the potential volume of sequestrated CO 2 may be calculated. It will be 383.1 kg (as: 180 kg x 0.58 x 3.67 = 383.1 kg). However, considering that, on average, only about 20% of sequestrated CO 2 is subject to permanent sequestration in soil (Faber et al., 2012; Jarosz, 2016) , it should be stressed that on a national scale total CO 2 sequestration resulting from ploughing in of the surplus of straw would be 1034.6 thousand tonnes and would account for about 3.5% of total CO 2 sequestration in the LULUCF area (KOBiZE, 2017 Bearing in mind that the relationships between the amount of organic matter derived from 1 tonne of ploughing in of straw of arable crops and its organic carbon content are known, it is worth indicating the direction and strength of the impact of the CO 2 sequestration balance on the economic results and development opportunities of the farms specialising in the cultivation of cereals, oilseeds and protein crops 13 . Analysis decided to describe the farms specialising in the cultivation of cereals, oilseeds and protein crops, as -according to the authors -the specialisation in the cultivation of these crops, despite many advantages, entails also some risks. An important risk in this type of farms is the absence or scarcity of animal manure, whose primary function is to improve the balance of soil organic matter. These farms are, therefore, threatened by a reduction in the yielding potential of land, as well as the additional CO 2 emissions from organic matter subject to mineralisation in the soil.
However, in the case of the farms specialising in the cultivation of cereals, oilseeds and protein crops, there are other options to improve the balance of soil organic matter. The most important is ploughing in of straw of properly prepared straw, which leads to an increase in the share of soil organic matter and, consequently, also to the improved CO 2 sequestration balance 14 . But it is important whether for farms specialising in the cultivation of cereals, oilseeds and protein crops, ploughing in of crops straw is also positive for their economic effects and development.
In comparative analysis of the farms with the non-negative balance I and II and of other farms, their average CO 2 sequestration balance was taken into account in the first place. Their production potential, productivity of the basic production factors, income per 1 ha of UAA and per 1 FWU and the development opportunities were further established.
In the farms with the non-negative balance I and II, the average CO 2 sequestration balance was, respectively, 602.2 and 270.8 kg/year, while for other farms it was negative and amounted to -295.8 kg/year (Fig. 2) . Fig. 2 . CO 2 sequestration balance from the atmosphere in the analysed farms specialising in the cultivation of cereals, oilseeds and protein crops in 2015.
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Source: own study based on the Polish FADN data for 2015.
As it results from the figures in Table 3 , the farms with the non-negative balance I and II against the background of other farms had a larger area of UAA by 17.7% and 21.9%, respectively. This was also the case of labour inputs per farm. In the farms with the non-negative balance I and II, labour inputs per farm were at the level higher by 6.7% than on other farms. However, per 1 ha of UAA, they were lower by, respectively, 9.4% and 12.5%. An important reason for these differences was the fact that the farms with the non-negative balance I and II were better equipped with machinery, agricultural equipment and buildings, as reported by their average capital value higher by, respectively, 47.6% and 29.5%. The important information about the farms with the non-negative balance I and II and about other farms are also provided by the productivity of their basic production factors. It has been noted that in the farms with the non-negative balance I and II, when compared to other farms, the land productivity expressed as the value of total Problems of agricultural economics / Zagadnienia ekonomiki rolnej production per 1 ha of UAA was higher by, respectively, 70.4% and 29.6%. The same direction of differences was in the case of the capital productivity and labour productivity. The farms with the non-negative balance I and II had the capital productivity higher by, respectively, 9.8 and 5.7 percentage points (p.p.) and the labour productivity by, respectively, 87.3% and 46.2% (Table 4) .
The above-mentioned differences in the productivity of basic production factors among the farms with the non-negative balance I and II and other farms were reflected in income per 1 ha of UAA and per 1 FWU. In the first case, for the farms with the non-negative balance I and II, this income was higher by, respectively, 111.1% and 44.4% and, for the other, by, respectively 133.5% and 65.3%. However, it is necessary to add that all three analysed groups of the farms provided the payment for labour of the owner and members of his family at the parity level corresponding to the average annual net salary in the national economy 15 . The better economic situation of both groups of the farms with the non-negative balance allowed their managers to invest more in fixed assets. For the farms with the non-negative balance I and II, the net investment rate was, in fact, 31.4% and 59.1%, respectively, while for other farms it was 15.2% (Table 4) . 15 In 2015, the average net salary in the national economy was PLN 31.2 thousand (Żekało, Abramczuk, Czułowska and Jabłoński, 2016) .
conclusions
It is estimated that in Polish agriculture there is the surplus of straw of about 13.5 million tonnes. It may be allocated for energy purposes or as a source of additional soil organic matter. Analysis showed that:
• The allocation of the surplus of straw for energy purposes in Polish agriculture may reduce the consumption of hard coal by 12.6%, although it will result in greater emissions into the atmosphere of volatile substances which adversely affect human health. What is more, the weaknesses of such a solution are also significant losses of macronutrients contained in straw. It is estimated that on a national scale, the allocation of the surplus of straw for energy purposes will result in total losses of nitrogen, phosphorus and potassium amounting to about 268 515 tonnes, which accounts for 15% of the total consumption of NPK mineral fertilisers in 2014/2015. On the other hand, in the case of calcium, these losses amount to 65 205 tonnes, corresponding to 11.5% of used agricultural lime in 2014/2015. In the case of magnesium, losses will be 7560 tonnes. In value terms, total losses of macronutrients will, therefore, be about PLN 1.06 billion. Important are also losses of trace elements contained in straw, such as boron, copper, manganese, molybdenum and zinc, which play an important role in the growth and development of plants.
• The allocation of the surplus of straw in Polish agriculture for ploughing in of straw is able to improve the yielding potential of Polish soils, whose average quality is the lowest in the EU. It should be remembered that in Poland more than 3.7 million ha of the potential agricultural area 16 have the average agricultural production area valorisation (APAV) of less than 52 out of 120 points to be scored 17 . This means that there is a significant area of potential UAA in Poland with a particularly unfavourable physical structure of soils and often with the trace content of organic matter. Moreover, ploughing in of the surplus of straw will allow to accumulate additional 1034.6 thousand tonnes of CO 2 per year. Thus, ploughing in of straw would positively affect the contribution of the LULUCF area, including the arable land sector, to decreasing the effort of reducing greenhouse gas emissions from the ESR area by 2030. In addition, the studies have shown that the farms ploughing in of straw, in the amount that gives them the non-negative CO 2 sequestration balance when compared to other farms, obtain the higher productivity levels of basic production factors and are, consequently, in the better economic situation and have more development opportunities.
• In connection with the fact that in Poland there are areas with the particularly unfavourable quality of soils that require urgent action so as to at least sustain their production functions and taking into account the need for the LULUCF sector's contribution to decreasing the effort to reduce greenhouse gas emissions in the ESR sector by 2030, it should be stressed that the surplus of straw found in Polish agriculture should serve as an additional source of soil organic matter. 16 According to the cadastral and geodetic area (peg). 17 Data from the Institute of Soil Science and Plant Cultivation -National Research Institute.
